to degrade calcitrant organic pollutants to CO 2 and water, so that consequently there is no mass residue [12] [13] [14] . However, there are some organic pollutants that are persistent in nature and are not completely mineralized by common AOPs, and their treatment leads to the production of highly toxic byproducts of low biodegradability [15] [16] [17] . Hence researchers have given special emphasis to the photocatalysis process because of its advantage to effectively reduce the production of byproducts [18] [19] [20] .
Titanium dioxide (TiO 2 ) is the most widely used catalyst due to its distinct environment-friendly nature [21] [22] [23] . Attempts have been made to improve the overall efficiency of TiO 2 [24] [25] . One way to enhance the performance of the catalyst is to dope TiO 2 matlrix with transition metals (Pt, Au, Ag), because co-metals can improve the photoactivity of TiO 2 [26] [27] [28] .
A variety of photocatalytic reactors are used in research applications [29] [30] [31] [32] [33] . Birnie et al. [34] have extensively reviewed the photocatalytic reactors currently in use. Caliman and Balasanian [35] and Serrano et al. [36] have reported the performance of the reactor as a function of its dimension. However, photocatalytic reactors that provide better configuration to maximize efficiency of photon utilization are considered suitable [37] [38] [39] .
The present research work is mainly focused on the design, manufacture, and commissioning of laboratoryscale photocatalytic reactors. A two-pronged strategy was followed to accomplish the task. Firstly, the catalyst was synthesized and doped with co-metals. Secondly, the photocatalysis process was optimized in terms of process conditions, including pH, temperature, catalyst dose, catalyst type, and reactor [40] [41] .
Materials and Methods
The photocatalytic oxidation setup was developed in terms of design, fabrication, and construction of the reactor, whereas the experimental process was optimized in terms of catalyst synthesis and process conditions such as pH, temperature, dose, and exposure time.
Reactor Design and Fabrication

Materials Used
The materials used in the reactor fabrication were mainly glass no more than one-half inch thick and a quartz tube and liquid silcon. The reactor was constructed at laboratory scale.
Double-walled Horizontal Glass Reactor
The apparatus consisted of: -400W UV lamps (Shanghai JWFU Industry Co., Ltd. China); -Automatic voltage stabilizer (Supreme Bolster, input-135-250 VAC, output 220 ±5%, 2000W) to regulate the voltage of the UV lamps; -Blast (Shanghai JWFU Industry Co., Ltd.China); -Magnetic stirrer (78-1 Megnetic stirrerhotplate, 0-1400 rpm) for continuous mixing of the textile effluent; -Stool to elevate the reactor off the ground; -Switchboard for electrical supply.
Our novel double-walled horizontal glass reactor (NDHGR) (Fig. 1 ) was designed and constructed to be suitable for UV-assisted photocatalytic degradation of the textile effluent. The UV lamps (A) had 400W of power. The reactor was composed of three parts: -Outer compartment with 18 x 12 (B x C) inches 6.3 (D) inches height; -The middle compartment of 9 x 12(E x F) inches with 6.3 (G) inches height having capacity of 1-6 liters, which is designed to carry out photocatalytic reaction. This compartment is placed in center of the larger compartment, which is designed to contain water to maintain the temperature of the photocatalytic reaction; -Lower compartment (H) for the magnetic stirrer. The double wall served to circulate water to maintain its temperature between 29-32ºC. The lamp, along with its holder, is placed on top of the middle compartment. The total height of both parts in total was 12 inches. 
Synthesis and Doping Process of the Catalysts
The catalyst was synthesized in the form of powder as well as coated on the substrate. The synthesis of the catalyst and doping process was carried out by following a modified standard sol-gel method [42] [43] . Preparation of the substrate was performed by an innovative method, while coating the thin film catalyst was done using the standard slurry coating procedure [27] . Catalysts were synthesized using modified standard sol-gel methods [42] [43] .
Material and
Method 1
Method 1a (M1A, Synthesis of TiO 2 ) TiO 2 nano particles were prepared using the following modified sol-gel process (Fig. 2) . A pre-determined amount of Ti(OBU) 4 titanium tetra buta oxide was slowly added to the ethanol with constant stirring; nitric acid was then added to adjust the pH to 2. Later on, deionized water was added to the mixture with molar ratio controlled at ethanol:Ti(OBU)4:water = 20:1:2.5. The mixture was stirred continuously for eight hrs and then kept at 30ºC for several days until the gel formed. This gel was dried at 60-70ºC in an oven in vacuum for two hr and then milled. The powdered form of TiO 2 was calcinated at 550 for 1.5 hr.
Method 1b (M1B, synthesis and doping of Ag-TiO 2 )
Ag-TiO 2 nanoparticles were prepared by following the modified sol-gel process (Fig. 3) . A predetermined amount of Ti(OBU) 4 titanium tetra buta oxide was slowly added to the ethanol with constant stirring; nitric acid was then added to adjust the pH to 2. Deionized water was then added to the mixture with the molar ratio controlled at ethanol:Ti(OBU)4:water = 20:1:2.5. AgNO 3 was then added to the solution to produce a Ag:Ti molar ratio of 0.15. The mixture was stirred continuously for eight hrs and then kept at 30ºC for several days until a gel formed. The gel was dried at 60-70ºC in an oven in vacuum for two hrs and then milled. TiO 2 catalyst powder was calcinated at 550 for a half hr in furnace.
Method 2
Method 2a (M2A, Synthesis of TiO 2 powder) TiO 2 nanoparticles were prepared by following Method 2a (Fig. 4) . The sample was prepared by a modified SOL-Gel route. Titianium isopropaoxide (25ml) was added to acetic acid (48 ml) with stirring. Water (150 ml) was added to the mixture drop-wise with vigorous stirring. The titanium isopropaoxide, acetic acid, and water are in 1:10:100 molar ratio. The solution was stirred for eight hrs to get a clear transparent sol and allowed to dry at 30ºC for several days, which was dried at 100ºC for 15-30 min, and later on calcined at 550ºC in air for half an hr. Ag-TiO 2 nanoparticles were prepared by following Method 2a (Fig. 5) . The sample was prepared by a modified sol-gel route. Tiitianiumisopropaoxide (25 ml) was added to acetic acid (48 ml) with continuous stirring. Water (150ml) was added to the mixture dropwise with vigorous stirring. To prepare silver-doped TiO 2 , silver nitrate (3 mol%) was added along with adding water to the titanium iso-propaoxide mixture. The titanium isopropaoxide, acetic acid, and water were in molar ratio of 1:10:100. The solution was stirred for eight hrs to get a clear transparent sol and allowed to dry at 30ºC for several days. Later on it was again dried at 100ºC for 15-30 min, which led to its calcination at 550 in air for 1.5 hrs.
Mesh-Substrate Preparation and Coating (Immobilizing) Process
Preparation of the Mesh-Substrate
Substate material is prepared by "dental material" (made in Germany), with water as a solvent. This suspended material was "slurry coated" on stainless steel mesh, air dried, and then put in an oven for one hr at 250ºC (pre-heated). Further treatment was carried out at 750ºC for 1 hr. The mesh was allowed to cool.
Coating of the Catalyst on Mesh-Substrate
Catalysts were prepared and coated according to the following processes:
Preparation of TiO 2 -Coated Mesh-Substrate
The sample was prepared by the modified sol-gel route mentioned in Method 2-a. The solution was stirred for eight hrs to get a clear transparent sol and allowed to set for 14 hrs. This prepared sol of TiO 2 was slurry coated for four layers on the prepared mesh substrate and let dry at 30ºC for one hr and then at 100ºC for 30 min. The catalystcoated mesh substrate was placed in a furnace for half an hour at 550ºC and allowed to cool. This form of substrate was used in the next procedure (Fig. 6 ).
Preparation of Ag-TiO 2 -Doped-Coated (immobilized) Mesh-Substrate (MS)
The sample was prepared by a modified sol-gel route as in Method 2-a. In addition (Fig. 7) to preparing silverdoped TiO 2 , silver nitrate (3 mol%) was added along with water to the titanium iso-propaoxidemixture. The titanium isopropaoxide, acetic acid, and water were in molar ratio of 1:10:100. The solution was stirred for eight hrs to get a clear transparent sol and, as mentioned, Method 2-b. The solution was stirred for eight hrs to get a clear transparent sol and then allowed to set for 14 hrs. After that this prepared sol of doped Ag-TiO 2 was slurry-coated for four layers on the prepared mesh-substrate (MS) and let dry at 30 o C for one hr and then at 100ºC for 30 min. This slurry-coated mesh substrate was placed in the furnace for half an hour at 550ºC. After that the catalyst-coated mesh substrate (MS) was allowed to cool. This form of catalyst substrate was used in the photocatalytic oxidation process (Fig. 7) .
Preparation of Synthetic Textile Effluent
Chemicals and Materials
Reactive dyes were used for dying and to produce synthetic and real textile effluent. Sodium sulphate (Na 2 SO 4 ) and sodium hydroxide (NaOH) were used as exhaust and fixation agents, respectively. Sodium carbonate (NaCO 3 ) was also used as recommended by the dye manufacturer [44] . Reactive dyeing of cotton fabric also involves some additives, including salts, lubricants, and sequestering agents in order to aquire targeted dye quality. Ananti foaming agent (antimussol of clariant) was applied to suppress the foaming formation during the ozonation process.
Ferrous sulphatehepta hydrate (FeSO 4 .7H 2 O), 0.25N K 2 Cr 2 O 7 , ferrous ammonium sulfate, ferroin indicator, and borate buffer solution were used in this study. All the reagents were of analytical grade and obtained from BDH chemicals and MERCK. Ferrous sulphate was oven dried at 180ºC for four hours. Acetic acid, NaOH, HCl, H 2 SO 4 , and HNO 3 were prepared following the standard procedures for the adjustment of pH of the reaction and liquor [42, 43] .
Synthetic Effluent
The Synthetic Effluent was prepared following the same composition recipe as for the standard real textile effluent.
Dyes
Dye stuff of major class (reactive remazol red RGB) was used at laboratory scale because of its common application in textile (cotton) dyeing due to such advantages as easy use, color brightness, and all-around fastness. The dye was supplied by Dystar, Germany -one of the world's main producers [44] .
Experimental Procedure
Photocatalysis setup was used to treat synthetic textile effluent, and the process was optimized in terms of process conditions like temperature, pH, catalyst dose, and radiation source. The textile effluent was characterized in terms of pH, chemical oxygen demand (COD), and degree of decolourization (absorbance). Standard procedures given in "standard methods for the examination of water and wastewater" [45] were followed in order to evaluate the performance of the process during the treatment of textile effluent.
Results and Discussion
The photocatalytic degradation of textile dye effluent (remazol red RGB) through modified sol-gel synthesized mobilized, immobilized TiO 2 , and TiO 2 -Ag-doped titanium dioxide revealed the following results.
Effect of pH
It is well known that the pH of a solution is one of the most important parameters in photocatalytic degradation of organic compounds [46] [47] [48] . This is attributed to the fact that pH not only determines chemical properties of the photocatalyst, but also influences adsorption behaviour of the pollutants [49] [50] . It plays an important role in the photocatalytic reaction on the catalyst surfaces, where it affects the surface charge properties of the photocatalyst. It is well known that pH value has an influence on the kinetics of degradation of some organic compounds in photocatalytic processes [51, 3] . Therefore, the effect of pH on degradation of textile dye effluent (Remazol Red RGB) was studied at varying pH ranges (1, 3, 5, 7, 11) . As shown in Figs 9 and 10, the most effective pH turned out to be 3. This may be ascribed to the fact that the pH value can influence the amount of hydroxyl radicals (OH) formed. So the optimum pH of the solution found was pH 3.
The results after treatment of Remazol Red RGB at different pH with TiO 2 (0.5 g powder), TiO 2 (1.5 g Table 1 and Figs 9 and 10 , which depict the color removal efficiency of Remazol Red RGB. Maximum decolorization of effluent was found to be at pH 3 with different catalysts, i.e., TiO 2 (0.5 g powder), TiO 2 (1.5 g powder), TiO 2 (mesh), Ag-TiO 2 (0.5 g powder), Ag-TiO 2 (1.5 g powder), and Ag-TiO 2 (mesh), whereas decolorization for effluent highest at pH 3 was 99.76%, 99.8%, 97.59%, 99.64%, 99.64%, and 98.44%, respectively, at UV (400W) radiation (Table 1) .
Neutral pH (~7) was slightly favourable for decolorizing dye solutions. Interpreting pH effects on the efficiency of photodegradation is a difficult task because three possible reaction mechanisms can contribute to dye decolourization, mainly hydroxyl radical attack, direct oxidation by the positive hole, and direct reduction by electron in the conduction band. The importance of each depends on the substance nature and pH [52] . The point of zero charge (pzc) for TiO 2 is 6.5-6.8. TiO 2 surface is positively charged in acidic solutions and negatively charged in basic solutions (Fig. 8) . The selected dyes manifested different adsorption behaviors on the surface of TiO 2 , and Remazol Red RGB was adsorbed on the surface of TiO 2 [53, 54] . The hypothesis agrees with a reaction occurring on TiO 2 surface and not in the solution, close to the surface.
The efficiencies of the photocatalytic process strongly depend on the pH of the reaction solution due to the amphoteric behaviour of the semi-conductor TiO 2 . The surface charge properties of TiO 2 change when pH changes (Fig. 8) . Moreover, the positive holes are considered the major oxidation species at low pH, which react with hydroxide ions to form hydroxyl radicals, thus enhancing process efficiency. At increased pH there is a columbic repulsion between the negatively charged catalyst surface and the hydroxide anions that prevent the formation of OH˚ and decrease photocatalytic degradation [54] .
The presence and distribution of Ag species on the surface and inside the TiO 2 film occurred in such a way that TiO 2 was incorporated with metallic Ag in Ag/TiO 2 films. The distribution of Ag species is uniform and the amount of Ag species on the film surface increases with the increase in initial silver nitrate. Ag nanoparticles containing Ag/TiO 2 composite films were prepared by a sol-gel dip-coating method. These films exhibit excellent transmittance in the visible region [55] , which is expected to lower resistance by incorporating metal nanoparticles in TiO 2 film. Silver is a good conductor, which is why incorporating Ag nanoparticles with TiO 2 matrix can be expected to form stable conducting paths inside the TiO 2 matrix. Therefore, the resistance of TiO 2 film can be lowered. In fact, Ag/TiO 2 composite films have been well studied in photocatalytic and nonlinear optical materials [56] . In these studies, the sol-gel process was the universal preparation method because its composition is perfectly controlled. In the present work, the sol-gel slurry-coating method was used to prepare the Ag/TiO 2 composite films at various calcination temperatures of Ag to investigate the effect of incorporating Ag nanoparticles on the electronic properties of TiO 2 films [57] .
Chin-Chaun Liu [58] stated that the positively charged TiO 2 surface adsorbed more acid yellow 17 synthetic dye in acidic pH, causing more degradation. Similarly, Bizani et al. investigated the degradation rate for two dye solutions in acidic, neutral, and alkaline pH, and reported results in acidic conditions [59] , while Reddy and Kotaiah [60] have observed a similar effect of pH on the degradation of simulated dyeing plant effluent. Hasnat et al. [61] examined Procion Red (an anionic dye) degradation under pH variation and found their best results at pH 3.22.
Effects of Different Catalysts
We studied photo degradation of Remazol Red RGB synthetic textile effluent with different catalysts (TiO 2 0.5 g, 1.5 g, mesh and Ag-TiO2 0.5g, 1.5g, mesh) under optimum conditions (i.e., effluent initial COD 560 mg/l), catalyst loading (0.5g, 1.5g, and mesh with four coatings), pH 3, synthetic textile effluent volume 1,000 ml, and radiation source of UV (400W). Trends observed in the process of photocatalytic degradation of synthetic textile effluent with different types of catalysts were as follows ( Maximum degradation took place when Ag-TiO 2 (mesh) (UV 400W) is used as compared to TiO 2 , because of the slow combination of electron hole pair and large surface area of the mesh [35, 19] . When titanium dioxide (TiO 2 ) is radiated with intensity of band gap energy (3.2Ev), it generates electrons of band (eCB)-and hoes in valance band (hVB)+. These charges can recombine, or the holes can be scavenged by oxidizing species (for 
Working Principle of Ag-Doped TiO 2 Catalyst
In the Ag-doped TiO 2 catalyst, electrons in the valence band of TiO 2 are excited to the conduction band, leaving holes in its valence band. 
At the same time, electrons of Ag nanoparticles are excited when irradiated with the light of their excitation wavelength (Eq 7) and the electrons attack the adsorbed oxygen and O 2
• -is formed (Eq. 8). Combining equations 7 and 8, Ag nanoparticles transform into colorless Ag + ions (Eq. 9) [64] [65] . The Ag + ions are reduced by the excited electrons of TiO 2 , and Ag nanoparticles are formed (Eqs 9, 10). This metal and co-metal mechanism has been reported to give improved photocatalytic activity [66] .
The hydroxyl radical (like OHº) is a highly reactive oxidizing reagent and proved to be very effective in degrading many organic contaminants [67] [68] . However, the limitation is to separate nanoparticles of TiO 2 from the suspension after treatment. On the other hand, immobilizing catalyst onto a suitable solid inert material is a better option [69] [70] .
Effects of Catalyst Dose
After optimizing pH, the catalyst dose is another important parameter that strongly influences the degradation of effluent. TiO 2 (0.5 g powder), TiO 2 (1.5 g powder), TiO 2 (mesh), Ag-TiO 2 (0.5 g powder), Ag-TiO 2 (1.5 g powder), and Ag-TiO 2 (mesh) catalysts were used in this study. In order to determine the optimal amount of catalyst concentration, a series of experiments were carried out using different concentrations of catalysts at optimized pH of 3.0 with 560 mg/l initial COD of synthetic textile effluent (Figs 9 and 10) . The graph depicts that as the concentration of catalyst increases from Ag-TiO 2 (0.5 g powder), Ag-TiO 2 (1.5 g powder) and Ag-TiO 2 (mesh), the percentage degradation increases to 88.58%, 91.43%, and 94.29% for UV (400W) radiation, respectively. The quantity and form of the photocatalyst is the most essential parameter that affects the rate of photocatalytic degradation. The degradation rate increased with increases in catalyst concentration because of the availability of more catalyst surface area for absorption of photons and interaction of molecules of reaction with the catalyst. The result is that the number of holes and hydroxyl radicals and super oxide radicals increased [71] (Table 1 and Figs 9-10 ).
The rate of degradation increases with increased catalyst amounts due to the availability of more catalyst surface area for absorption of quanta and interaction of molecules of reaction mixture with catalyst, but access leads to a decrease in the rate. Hence, further addition of catalysts does not lead to enhancing the degradation rate and it remains constant [72] [73] .
Results indicate that TiO 2 (0.5 g powder), TiO 2 (1.5 g powder) percentage degradation decreased to 94.29% and 92.17% with the UV (400 W) radiation, respectively, whereas for treatment with TiO 2 (mesh four layers of coating) the percentage of degradation with UV (400 W) was 91.43% (Figs 9-10 ). So the maximum degradation rate has been observed with the catalyst Ag-TiO 2 (mesh four layers of coating) with UV (400 W) as 94.29%, as well as 94.29% with TiO 2 (0.5 g powder) as catalyst. Silva et al. [74] reported that the degree of decolorization increases with the increasing amount of catalyst concentration up to a certain limit, and beyond that after further increase in catalyst dose decolorization decreased. Faisal et al. [75] documented the effect of catalyst dose on two dyes, acridine orange and ethidium bromide, and observed that the degradation rate for the decomposition of both dyes in the presence of TiO 2 Degussa P25 increases with the increase in catalyst concentration, and a further increase in catalyst concentration leads to a decrease in degradation rate.
Parameters
Mean (M) n = 30
Standard Deviation (SD) n = 60 
Statistical Analysis
The data was analyzed with SPSS V15 using mean, standard deviation, and analysis of variance (ANOVA) [54] . The statistical significance of the main effects and interactions of the factors on the two results were evaluated by ANOVA based on the pure error mean square estimated from the variance of the response values.
Descriptive Analysis
According to the descriptive analysis the mean value for the parameter "Intial pH" is M = 3 and SD = 1.438, and for the parameter "Types of catalysts" M = 3.5 and SD = 1.737.
The values of "initial pH" M = 3 means that the results of the treatment are in favor of pH 3, as well as SD = 1.438, which is near to 1, indicating that the overall treatment result values at pH 3 are not scattered [76] . Similarly, the values of "Types of Catalyst" M = 3.5 indicate that better treatment results have been shown by the catalyst category of Ag-TiO 2 SD = 1.737, which being near 1 indicates that the vales are not scattered (Table 2) .
One-Way ANOVA Values of Chemical Oxygen demand (COD) obtained at different pH (1, 3, 5, 7, and 11) for treatment of Remazol Red RGB synthetic effluent were compared through oneway ANOVA tests (Statistics 15; SPSS Inc. Package) ( Table 3 ). According to the results, there was a significant effect of "initial pH" (p < 0.05) as p-value is 0.000 and F = 12.884 for COD percentage removal, and p-value is 0.025 and F = 3.370 for ABS percentage removal, which is less than the significance level of 0.05. These values indicate that there is a significant mean difference in the COD percentage removal and ABS percentage removal values when considering the parameter of initial pH (1, 3, 5, 7, and 11). Thus, post hoc testing revels that the significant difference found in the results of treatment at pH 1 (p < 0.05), pH 3 (p < 0.05) and pH 5 (p>0.05) showed better COD removal percentage than pH 7 (p < 0.05) and pH 11 (p < 0.05) ( Table 4) . Post Hoc testing also revealed that the significance difference found in ABS percentage removal treatment obtained better results at pH 3 (p < 0.05) and pH 11 (p < 0.05) (Tables 3-4 ).
Conclusion
The Ag-TiO 2 -doped technique was used for UV photo catalyst. This technique successfully improves the degradation rate of the synthetic effluent. The photocatalytic degradation efficiency increased when the catalyst was doped with Ag. Ag-TiO 2 proved to be more efficient in the UV 400W light, moreover, among all the catalyst types (mobilized and immobilized), the immobilized Ag-TiO 2 (mesh) at optimum pH 3 at initial COD value of 560 mg/l performed the best. This is a vital step toward the cost-effective approach of photocatalysis, as these meshes can be reused and the cost of filtration of effluent is saved [58] .
We conclude that this process can be used as an efficient and environmentally friendly technique for effluent treatment of the textile industry. Development of this technology is important and beneficial in Pakistan because sunlight is abundant in this region. Table 3 . One-way ANOVA results of mean COD percentage removal and mean ABS percentage removal with respect to the initial pH factor. 
